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A Study on Characterization of Hole Quality Effect on
Composite Laminate Strength Reduction

J. H. Lee” - C. D. Kong™

ABSTRACT

The main objectives of this research are to experimently explain the drilling mechanism
for the production of bad holes and good holes during the drilling operation, to investigate
how a wide range of drilling parameter affect composite laminate strength reduction, and to
find which type of test provides the greatest interrogation of notched composite laminates.
To achieve these objectives, a bulk of test specimens have been drilled with 5 different
drilling parameters and tested with compressive, tensile, and flexural loads. It was found
that the drilling parameters had a measurable effect on specimen hole quality as measured
by static strength. The specimens, which were well supported, which had the higher spindle
speed and lower feed rate, and which were well clamped gave the best hole qualities. The
flexural test results presented the most clear and consistent failure strengths relating to the
drilling parameters and associated hole quality.
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NOMENCLATURE

Drilling Parameter(9000rpm, 1000mm/min)
Drilling Parameter(9000rpm, 5000mm/min)
Drilling Parameter(10000rpm, 375mm/min)
Drilling Parameter(2500rpm, 92mm/min)
Drilling Parameter(2500rpm, 200mm/min)
0, Notched Tensile Strength

moowe

g,

Maximum Tensile Failure Load (N)
t Thickness of the Specimen (mm)
w Specimen Width

J, Unnotched Tensile Strength

Kt  Strength Reduction Factor

g,, Layer stress at the outermost Oo layer
e

o ,1,, Layer stress for unit loading intensits'r
Nx

N,, Loading intensity value obtained from

test results

Omax Flexural Failure Stress

P Flexural Load

L Length of Support Span

b Flexural Specimen Width

d Flexural Specimen Thickness

Emax Flexural Failure Strain

D Max. Deflection of the Centre of the

Specimen

Moment intensity value obtained from

test results

Kx Mid plate curvature

z Half of the laminate thickness

K i Unit mid plain curvature obained from
unit MX

M, Moment intensity derived from test

results
! 1/3 total four point bending span(i.e.
inner span)

ABBREVIATION

AITM Airbus Industrie Test Method

ASTM  American Standard Test Method
LVDT  Linear Variable Displacement
Transducer
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Table 1. Lamina Elastic Properties of AS 4/8552

Pl
ThickSI;ess En Ez Gz Viz
(GPa) | (GPa) | (GPa)
(mm)
0.25 135 9.5 49 0.3
Longitudinal Tensile | Transverse Tensile
Strength(MPa) Strength(MPa)
1,680 61
Lamina fibre Direction In—-plane view

o 90°
’ - i "
‘ - % ’

Through-thickness view for 4mm thick panel

Through~thickness view for 8mm thick panel

Fig. 1. Stacking Seguences for 4nmm and 8mm
Laminates for X-directional Layup
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Temperature £C)
3

Pressure

Temperature
180 } /

Time (minutes)

1205t<135

Fig. 2. Cure Process Diagram

Table 2. Drilling Parameters

Drilling
Parameter [ A B C D E
Set

Back
Support O

O X X X

Spindle
Speed 9000 | 9000 | 10000 || 2500 | 2500
{rpm)
Feed Rate
(mmvmin)

1000 | 5000 | 3 %2 200

Stiff | Stiff |FlexibleFlexible|Flexible

Clamping (stage2) | (stage2) | (stagel)||(stagel) | (stage2)
Hole Good Hole Bad Hole
Quality (Acceptible) (Unacceptible)

(Note : A—E = Good to Bad)

W )

Fig. 3. Photographs of Hole Exit Side Damage
detected by X-ray Non-destructive Inspection
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- Tension Test

+ Flexural Test with LVDT

Fig. 4. Photographs of Test Facilities
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Table 3. Driling Parameters

Drilling Parameter A C
Spindle Speed 9000 rpm | 10000 rpm
Feed Rate 0.11mm/rev |0.0375mm/rev
Back Support O x

Table 4. Drilling Parametes of Ho-cheng and
Dharan (Without Back Support)

Spindle Speed 3700 rpm
Feed Rate 0.05mm/rev | 0.03mm/rev
Delamination O X

Drilling Parameter A

Drilling Parameter C

Fig. 5. Photographs of Exit Hole Drilled by
Drilling Parameter A and C

Fig. 6. Photograph of Drill-exit Holes of 400X
400mm(a), 39x120mm(b) Specimens
Drilled with Driling Parameter Set D
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Table 5. Experimental Values for Tension Tests

4mm Y Directional Tension Test Results
(Unit : MPa) ‘

Drilling
Parameter ¢ D E Plain
Specimen

Hole Quality | Good Bad

AITM-Tensile
Strength

Quter 0°
Layer 900.2 | 900.7 | 8957 | 16778
Stress

343 | 346 | 339 650

2E Aol S35 Aol £29 ez o
N Shazh dolyich Fig. 8olH Hoixie g g
o) Bt =7 YTsh EFUNN FAe] s
SHBET. Ade) BRFYPYEAEE Table 69
BT

45 JYA¥E

451 4mmet 8mm FH Xeigk AlH

=¥3age] gls MY £7] M FEFdd
A AlFE S A Fzg wiker 27
Az, wpAE v QA FEE dojdth
EAYPE RS AU B AFEAN 5
7} Qolyit} Table 72 X3k FeAlvie] Ay
3 BEHgE BY Roltk Fig. 95 F4 8mm X
wEk AlEe] FYPAIY Fjelck

Fig. 7. Photographs of Tensile Specimens
Tested with and without Hole

Strength
Reduction 0.531 | 0.632 | 0.522 1.0
Factor

Standard | o0 |6 00940.0258

Deviation

Fig. 8. Photograph of 4mm Thick X-directional
Specimens Tested in Compression
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Table 6. Experimental Values for Compression Tests

4mm X Directional Compression Test Results

(Unit © MPa)
Drilling .
Parameter c D E Plain
Specimen
Hole Quality| Good Bad
AITM-

Compressive | 309 292 306 377
Strength

Outer 0°
Layer 806.2 | 762.3 | 803.08 | 981.8
Stress

Strength
Reduction | 0.82 078 | 0.818 1.0
Factor

Standard

Deviation 0.016 | 004 | 0.04

8mm X Directional Compression Test Results

{Unit : MPa)
Drilling .
Parameter A B E Plain
Specimen
Hole Quality| Good Bad
AITM-

Compressive| 336 339 327 439
Strength

Outer 0°

Layer 8738 | 877.8 | 830.8 | 11405
Stress

Strength
Reduction | 0.76 077 0.72 1.0
Factor

Standard
Deviation

0.022 | 0.016 | 0.024

452 4mme2t 8mm FH Yatek AlH

X A9 rlzpAe =dyel e Y
A 73 FHAA FE gyl dolgn =
7ol e AW A9 AR wIr} do
%tk Table 82 Y&k F8A1He] 4% wajsd
gh& B3l Zo|tk Fig. 102 ¥7 8mm YW Al
B F9AE A Apxlolth

Table 7. Experimental Mean Value of First and Final
Failure for 4mm and 8mm Thick X
Directional Specimens

“4mm X Directional Flexural Test Results

(Unit - MPa)

Drilling
Parameter A B ¢ D E

Hole Plain
Quality Good Bad Specimen

Tension
Side
sL
ASTMT 676 | 570
ASTM-

Final 625 | 597 | 567 | 551 | 593 904
Failure

Quter ¢°

Layer [1342.6(12685[1259.5( 1192 | 1225 | 1893.8
Stress

Strength
Reduction | 0.71 | 067 | 066 || 0.63 | 065 1.0
Factor

Standard

Deviation

Tension
Side

ASTM-1*
Fallure | 99 | 6 513 904

ASTM-

Final 586 | 572 551 904
Failure

Outer 0°

Layer |1233.8(1202.8 1175.7] 1893.8
Stress

Strength
Reduction | 065 | 0.64 0.62 1.0
Factor

Standard
Deviation 0.054 | 0.023 0.038

8mm X Directional Flexural Test Results
{Unit ¢ "MPa)

520 || 4% | 563 904

0.058 | 0.074 | 0.047 || 0.036 | 0.041

_qst
ASTM I 541 | 49 w1 | 790

ASTM-

Final 550 | 537 492 790
Failure
Quter 0°

Layer 1296 | 1275 11574} 18772
Stress

Strength
Reduction | 0.69 | 0.68 0.60 1.0
Factor

Standard

Deviation | 0021 | 0.02 0.023
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Fig. 9. Photographs of 8mm Thick X-directional
Specimens Test

_Aw

Fig. 10. Photograph of 8mm Thick Y-directional
Specimens Test
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Table 8. Experimental Mean Value of First and
Final Failure for 4mm and 8mm Thick Y
Directional Specimens

4mm Y Dxrecuonal Flexural Test Results
: nit.: MPa)

Drilling .
Parameter A B ¢ D E

Hole Plain
Quality

Tension
Side

ASTM-
Final 558 | 554 | 533 529 643
Failure

Quter 0°
Layer [1292.3] 1272 |1212.1 1207.3] 15106
Stress

Strength
Reduction | 086 | 0.84 | 0.80 0.80 1.0
Factor

Standard
Deviation 0.022 { 0.018 | 0.026 0.027 1.0

Tension
Side

ASTM-
Final 538 | 545 | 961 643
Failure

Outer 0°
Layer (1235.3(1242.7|12774 1510.6
Stress

Strength
Reduction | 0.82 | 0.71 | 0.85 1.0
Factor

Standard
Deviation 00351 003 [ 0028

" 8mm Y. Directional Flexural Test Results
(Unit : MPa)

Tension [
Side

ASTM-
Final 482 | 439 475 649
Failure

Outer 0°
Layer | 1104 {1007.3 10656| 14153
Stress

Strength
Reduction | 0.78 | 0.71 0.75 10
Factor

Standard
Deviation 0.015 | 0.056 0.021
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Table 9. Comparison groups according to the
drilling parameters

Comparison Drilling - Parameter
Feed Rate A2(1000) > Bx(5000)
(mm/min)

Support/ Ax(Support) <

No Support Ci(No Support)

Spindle Speed(rpm)| Ci(9000) <> D:1(2500)

Flexible Restraint/ | ) o i1e) er Ey(Stiff)

Stiff Restraint

(Note : Subscript 1 = Stage 1,
Subscript 2 = Stage 2)
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